We have reviewed the known data about mechanisms, conditions, reasons, and characteristics of rebound, coagulation, and explosive disintegration of drops in gas-vapor-droplet streams. The three main factors of altering a direction of motion, a velocity, a size and a concentration of droplets in a gaseous stream have been highlighted. Among of them are the thermal factor (heating and evaporation of drops), the aerodynamic factor (acceleration, reverse motion, and deceleration of drops due to their entrainment by gaseous stream), the dynamic factor (change in size, velocity, and direction of motion of drops after their collision). We have generalized the findings obtained by various authors in experiments with two drops, little group of drops, and aerosol. In addition, we have reviewed the published results about the fields of velocities and motion trajectories of drops in a flow, about the change in size and concentration of drops due to rebound, coagulation, disintegration (i.e. the complete destruction of the parent drops and the detachment of the liquid fragments of different size and volume from the surface).
Introduction
Gas-vapor-droplet technologies present a wide group of practical applications based on the interaction between the flows of sprayed liquid and gas. A considerable part of such technologies includes heating or evaporation of a liquid in the medium of hot gases. Among such applications are the contact heat exchangers [1] , the drier installations [2] , the technologies of the polydisperse fire suppression [3] , the waste-heat recovery by a formation of gas-vapor heat carriers [4] , the thermal purification of wastewater [5] , etc. In addition to the mentioned heat and power technologies, as well as firefighting solutions, it is extremely important to consider structures and compositions of gas-vapor-droplet flows when treating of different surfaces by atomization (protective and paint coatings), in the fuel-feed systems, in the meteorology, medicine [6, 7] , etc.
Currently, the three main groups of factors of altering a direction of motion, a velocity, a size and a concentration of droplets in a gaseous stream are known. Among them are the thermal factor (heating and evaporation of drops) [8] [9] [10] , the aerodynamic factor MATEC Web of Conferences 194, 01067 (2018) https://doi.org/10.1051/matecconf/201819401067
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Matec Web of Conferences (acceleration, reverse motion, and deceleration of drops due to their entrainment by gaseous stream) [8, 11] , the dynamic factor (change in size, velocity, and direction of motion of drops after their collision) [12] [13] [14] [15] [16] [17] .
The purpose of the study is to review the state-of-art concepts about the three main mechanisms of varying the drop concentration in the gas-vapor-droplet flows.
Thermal Factor
As known, liquid evaporation occurs even at relatively low temperatures. However, with an increase in temperature, an evaporation rate nonlinearly grows. Homogeneous drops usually evaporate monotonously from a free surface. This process is accompanied by a step-down of their size [18] . Numerous studies focus on an analysis of particularities and characteristics of the liquid evaporation in a dropwise state. However, to date, an adequate prediction of the mass rate of evaporation is possible in a limited range of temperature only, up to 600 K. A more tremendous challenge is to describe a behavior of the evaporating heterogeneous drops because a presence of the interfaces causes the inhomogeneous fields of temperatures and concentrations, the vortices, and even the vapor bubbles that can result in disintegrating a drop.
A controlled use of a disintegration of the heterogeneous drops when heated can be applied in not only conventional heat and power technologies [1] [2] [3] [4] [5] , but also in the presentday technologies of formation and combustion of the composite fuels based on wastes of the coal conversion and the oil refining [19] .
The study of mechanisms, modes, and characteristics of heat and mass transfer in the case of the drop disintegration when heated [18] has enabled us to highlight the main governing factors. Among them are nucleate points (solids, bubbles of dissolved gases, etc.), differences in thermos-physical properties of components of the heterogeneous drops, a dominant heating mechanism, thermal radiation transmittance and accumulation, etc.
In addition, studies [20, 21] state that the intermolecular interactions and the influence of the drop components against each other on a change in their thermos-physical properties during heating can play a defining role. In particular, when heating the 0.1% solution of surfactant in water becomes less transparent in comparison with pure water. As a result, an aggregation of the amphiphilic molecules occurs. Based on experiments [20, 21] , a correlation between temperatures of the water-based solutions and a level of turbidity has been found. An analysis of thermocouple measurements and experimental data obtained using highly precise microscopes confirms the conclusions drawn in studies [20, 21] .
Aerodynamic Factor
One of the main problems of predicting a behavior of the gas-vapor-droplet streams is a difficulty to control an entrainment of drops by gases [22, 23] . Researches [8, 11] provide data about the main characteristics of phase transformations and deformation of drops of the polydisperse water flow under conditions close to the technologies with gas-vapordroplet media [1] [2] [3] [4] [5] [6] [7] . Studies [9, 24] generalize, in a dimensionless form, the experimental data presented in [22, 23] . The results presented in such a manner characterize the conditions for deceleration and possible subsequent entrainment of drops by hightemperature gases.
An analysis of the experimental results presented in [10, 25] allows us to deduce that the drops of water and the water-based emulsions keep an integrity during motion through the gaseous medium in the conditions of varying their size and velocity in a limited range. It is assumed that water drops disintegrate in the gaseous flow when the Weber numbers are 10-12 [25, 26] . Study [27] reports that during motion of water drops through hightemperature combustion products the limit Weber numbers are 9-11. In addition, research [27] considers an influence of velocity and size of drops on characteristics of their deformation and an influence of the temperatures of gaseous medium and drops on characteristics of these processes. Moreover, the authors of study [27] show an effect of the aerodynamic factor at a variation of velocity and size of drops. Consequently, the links between the temperature gradients at the liquid / gas interface and the characteristics of deformation of water drops moving through a gaseous medium have been found.
Research [28] reports that the limit Weber numbers for the drops of mercury, alcohol, and kerosene are about 10. Study [29] describes that for the drop moving through the gaseous flow the critical Reynolds number characterizing a transition from the laminar flow regime to the turbulent one is about 3•10 5 .
Drop Interaction Factor
Another factor considerably influencing the gas-vapor-droplet stream characteristics is a constant collision of the liquid drops. Currently, in the published studies researchers have try to find regimes of the drops collision and probabilities of consequences corresponding to these regimes [12] [13] [14] [15] [16] [17] . To consider such factors as size of the colliding drops, their thermos-physical properties and velocity, the dimensionless criterion (the Weber number (We) can be used. Studies [12] [13] [14] [15] [16] [17] provides the following scenarios of collisions: (1) coagulation; (2) rebound; (3) short-term coagulation with subsequent disintegration and formation of the secondary drops, which are similar in size to the primary ones; (4) collision scenario when the drop passes through another one; (5) explosive disintegration of drops with a formation of great number of small sub-droplets. The Weber numbers ranges have been obtained based on experiments for each collision scenario.
Note that studies [12] [13] [14] [15] [16] [17] use the similar experimental methodologies. However, the results on the Weber numbers ranges considerably differ. In particular, the scenarios of the explosive disintegration and the passing the drop through another one in [12] are characterized by We > 25 and We > 50, respectively. Whereas, in [13, 14] the scenario of passing the drop through another one occurs at We > 50, but the explosive disintegration scenario -at We > 100. Moreover, the authors of researches [12] [13] [14] show zero probabilities of occurrence of any other consequences of collisions in each range mentioned. At the same time, studies [16, 17] depict the insignificant but not zero probability of occurrence of each scenario in any Weber numbers range.
The authors of studies [13] [14] [15] [16] make several assumptions about the possible reasons for occurring each scenario of the drops collision consequences. In particular, the reason for coagulation of drops at small Weber numbers can be the drops surface oscillation of and the diminished pressure in the airspace between them. The rebound of drops stems from a presence of the gas space between them. The possible reason for the short-term coagulation with the subsequent disintegration is a rotational movement of drops due to a tangential collision. Lastly, the explosive disintegration of drops arises from cavitation at high kinetic energy during collisions.
Current Issues
The most challenging task of studies considering the thermal, aerodynamic, and dynamic factors is a regulation of the possible ranges of increase in surface area of liquid in the gaseous medium during the drop disintegration. To date, there is no comparative MATEC Web of Conferences 194, 01067 (2018) https://doi.org/10.1051/matecconf/201819401067
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Matec Web of Conferences assessment describing a manifold increase in the surface area of liquid in the gaseous medium by using one of the factors considered in the article. Such an assessment is of particular importance for heat-exchange technologies to attain an enhancement of phase transitions [30, 31] . Most likely, the maximum efficiency can be reached when using a combined effect of thermal, aerodynamic, and dynamic factors, during the collisions of the heterogeneous drops heated up to high temperatures. These conditions are often fulfilled in multiphase and multi-component gas-vapor-droplet streams, but while they are underexplored. A detailed analysis of change in structure and composition of such streams is of importance for understanding their main parameters and the considerable resource saving in the appropriate technologies.
Conclusion
The analysis of literature devoted to the study of characteristics of the gas-vapor-droplet streams allows us to deduce that over a period of several decades results of such investigations remain in high demand. During this time, researchers have obtained numerous experimental and analytical findings enabling the predictions of the main parameters of the gas-vapor-droplet stream, their dynamics depending on many factors, namely, gas temperature, velocities of drops and a gaseous medium, droplet size distribution, etc. However, a difference in the results obtained by various authors is most likely due to an influence of the conditions, which have not been considered yet up to date in studies, namely, shapes of drops during collisions, properties of a gaseous medium, a presence of the vapor film around the evaporating drops, etc. The most complete consideration of all the particularities of fluid dynamics and heat mass transfer will considerably expand a theory of the formation of the gas-vapor-droplet streams and provide a basis for the development of the adequate methods for predicting their characteristics.
Research was supported by the Russian Science Foundation (project 18-71-10002).
